, and its overexpression in chondrocytes counteracts dwarfism in a mouse model of achondroplasia 7 . As a result, CNP has been pursued as a potential achondro plasia treatment, although it is not an ideal candidate. A major obstacle is that the peptide, which must be injected, is degraded within minutes of being administered. A more stable version is effective in mouse models of achondroplasia and is currently in clinical trials, but still requires daily injections 8 . In addition, the effects of CNP on the cardiovascular system and the central nervous system raise the possibility of undesirable side effects if the drug is used long-term in children.
Statins -cholesterol-lowering drugs that are available in tablet form -provide an interesting alternative. Their safety has been evaluated in children with inherited high cholesterol 9 , and evidence 10 suggests that early statin treatment improves the chances of children with this condition reaching the age of 30 without having a heart attack. In addition to their cholesterol-related properties, the drugs stimulate production of chondrocyte molecules that make up the structure of cartilage 11 , and repress production of cartilagedegrading enzymes 12 . In a series of compelling experiments, Yamashita et al. demonstrated that lovastatin stimulates production of cartilage components in thanatophoric dysplasia chondrocytes, and promotes the formation of chondrocytes from stem cells. It also restores cartilage formation by chondrocytes derived from people with achondro plasia. Finally, the authors showed that injecting rosuvastatin into mice with an achondro plasiacausing defect in FGFR3 partially restored bone growth in the limbs and head.
What are the mechanisms underlying these striking effects? Yamashita and colleagues' study does not provide the full answer. However, the authors do find that high levels of FGFR3 protein, but not messenger RNA, are reduced to normal levels when lovastatin is added to cultures of particles derived from people with either form of dysplasia. This suggests that statins stimulate degradation of FGFR3. Cellular protein-degradation machines called proteasomes might be involved, because adding a proteasome inhibitor to lovastatincontaining cultures increased levels of FGFR3. The researchers speculate that this is related to the ability of statins to lower cholesterol in cells, and to destabilize cell membranes so that FGFR3 (which spans the membrane) is more easily internalized and degraded, but this remains to be determined.
If the ability of statins to restore cartilageparticle growth is found to be independent of their cholesterol-lowering properties, it may be possible to modify the drugs such that these two effects are separated. However, if the cartilage-promoting effect of statins is a direct consequence of a decrease in cholesterol, extreme care is needed before using the drugs to treat children with achondroplasia. It will be crucial to ensure that cholesterol levels in these children are maintained at reasonable levels.
Between the ages of 25 and 35, mortality related to heart disease is more than 10 times higher in people with achondroplasia than in the general population 13, 14 . The reasons for this are not understood, and limited data suggest that serum cholesterol levels in children with achondroplasia are in the high normal range 15 .
Whether statin treatment would help to reduce this mortality is therefore unclear.
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How calcium affects oxygen formation
Calcium is an essential component of the catalyst that forms oxygen from water during photosynthesis. It seems that part of calcium's job is to enable the release of oxygen from this catalyst.
DAV I D E L I O N E T T I & T H E O D O R AG A P I E
T he mechanism of oxygen production in photosynthesis remains unresolved, despite many studies. The presence of a calcium ion in the inorganic active site of the complex that produces oxygen is particularly puzzling, because the reaction is a redox process involving the transfer of multiple electrons, whereas calcium is redox-inactive (it cannot transfer electrons under biological conditions). Writing in Nature Chemistry, Bang et al. 1 provide insight into the ion's possible role. They report that, under oxidative conditions, oxygen molecules can be released from iron peroxide complexes -which can be thought of as simplified models of the active site -in the presence of calcium ions, but not in the presence of other metal ions that are better Lewis acids (electron-pair acceptors) than calcium.
Oxygenic photosynthesis, the process by which plants convert carbon dioxide to organic matter using solar energy, has generated most of the oxygen (O 2 molecules) in the atmosphere, enabling life on Earth as we know it. Oxygen forms when water is oxidized, a complex chemical reaction involving the transfer of four electrons and four protons (H + ions; Fig. 1a ). The reaction is catalysed by the oxygen-evolving complex (OEC) -an inorganic cluster of four manganese ions and one calcium ion bridged by oxide ligands 2 , buried in a photosynthetic protein complex known as photosystem II (PSII). The mechanism of water oxidation is debated, particularly the role of calcium and the site at which the oxygen-oxygen (O-O) bond of the dioxygen molecule forms. Further insight might allow the rational design of effective catalysts for artificial photosynthesis 3 . Chemists often synthesize small molecular complexes that display structural motifs similar to enzyme active sites and use them as models that can be systematically investigated. This approach has been challenging for the OEC because the cluster is structurally complex and contains two types of metal. For their models, Bang et al. targeted complexes that contain one redox-active metal (iron) and one redox-inactive metal.
The authors focused on a step of water-oxidation chemistry that occurs after O-O bond formation, hypothesizing that it relates to the role of calcium in the OEC: the formation of oxygen from a peroxide moiety (O 2 2-). They added solutions of redox-inactive metal ions to a redox-active iron peroxide species, Fe-(O 2 2-), and obtained complexes containing the Fe-(O 2 2-)-M motif (Fe is iron; M can be ions of calcium, strontium, zinc, lutetium, yttrium or scandium). This series of compounds conceptually mimics a putative peroxide complex from the OEC, which allowed the authors to systematically compare the effects of the redox-inactive metals on the properties of these compounds (Fig. 1b, c) . The models are structurally different from the OEC because they have one iron rather than four manganese ions. However, they distil the effect of redox-inactive metals on the peroxide moiety into a simple combination of two metal ions that is easier to interrogate than the OEC.
Using electrochemical analysis, Bang et al. showed that the redox-inactive metals have a significant effect on electron transfer to and from the complexes. The propensity of the complexes to be chemically reduced (that is, to accept an electron) increases with the Lewis acidity of the M ion. Conversely, the ease with which the complexes are oxidized (an electron is removed) shows the opposite trend: the researchers observed an oxidation event in the presence of calcium or strontium ions, or in the absence of a redox-inactive metal, but not when the M ion was a stronger Lewis acid (zinc, lutetium, yttrium or scandium). Similar effects have been invoked previously to unravel the role of calcium ions in the OEC, in studies of complexes containing oxo (O 2-) or hydroxo (HO -) motifs instead of peroxide moieties [4] [5] [6] [7] [8] [9] , but this is the first detailed study of a series of peroxide species in this context 10, 11 . So what does this mean for oxygen release from the complex? In agreement with the electrochemical results, Bang and colleagues observed that the complexes incorporating zinc, lutetium, yttrium or scandium ions did not react with a chemical oxidant (ceric ammonium nitrate), so no oxygen was produced. By contrast, treatment with the same oxidant led to oxygen release from the calcium and strontium complexes, and from Fe-(O 2 2-) that was not bound to a redox-inactive metal ion.
The effects of calcium and strontium ions are of particular interest because they are biologically relevant: calcium is the native component of the OEC, and strontium is the only metal that can replace calcium and still generate a functional catalyst. Notably, the authors' calcium and strontium complexes not only have similar electrochemical properties, but also allow oxygen production from peroxide. The parallels between the biological and synthetic systems suggest that the study's conclusions may extend to the OEC -although the more complicated structure of the OEC and the different metals within it will affect the interactions with, and the chemical reactivity of, the peroxide moiety.
Do the findings reveal the mechanism of water oxidation? Not completely, but they shed light on the terminal step of the process. The observation that the iron peroxide compound can be oxidized to generate oxygen molecules in the absence of any redox-inactive metal implies that the role of calcium ions in PSII cannot be to promote oxygen release alone. As the authors assert, the crucial point is that the calcium ion does not hinder oxygen release, whereas metals that are stronger Lewis acids do. The most elusive step in the water oxidation reaction, the formation of the O-O bond, remains a challenging but key target for future studies. Bang ), or which lacked a redox-inactive metal, could be oxidized. c, When treated with an oxidant, only the oxidizable complexes reacted to produce oxygen.
